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(57)[SUMMARY] (Amended) 
[OBJECT] 

To provide a light receiving element excellent 
in reliability which has sensitivity in the wide 
area from near ultraviolet area to red area. 



[SUMMARY OF THE INVENTION] 
It has a double heterostructure, where an 
lnXGa1-XN layer (0< X<1) is pinched as a light-, 
receiving layer 5 between a n-type gallium' 
nitride group compound semiconductor layer 4 
and a p-type gallium nitride group compound 
semiconductor layer 6. 
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[CLAIM 1] 

A gallium nitride group compound 
semiconductor light receiving element, 
characterized by having a double 
heterostructure where an InXGal-XN layer (0< 
X<1) is pinched as a light-receiving, layer 
between a n-type gallium nitride group 
compound semiconductor layer and a p-type 
gallium nitride group compound semiconductor 
layer. 
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[CLAIM 2] 

A gallium nitride group compound 
semiconductor light receiving element 
according to Claim i, wherein said., n-type 
gallium nitride group compound semiconductor 
layer, is a Gal-YAIYN (0=^Y=<i); and said p- 
type gallium nitride group compound 
semiconductor layer is a ' Gal-ZAIZN 
(0=<Z=<1). 
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[CLAIM 3] 

A gallium nitride group compound 
semiconductor light receiving element 
according to Claim 1 or Claim .2. wherein said 
gallium nitride group compound semiconductor 
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■t'-SiiH:*^! 1 ^/cflttjjtil 2 :i light receiving element has a sapphire as a 
^d.i^(DMit^' V ^if^it-B,^-^- substrate. 



[DETAILED DESCRIPTION OF INVENTION] 



f 0 0 0 1 ] 



[0001] 



^Tf^it-^m'^mP^ ( I n.A ! i, 
G a ,.;,-bN\ 0 ^a^ 1 , 0 
S 1. , a-i-b^ 1 ) J; 9 fi io 3 6 
5 ri m~ 6 3 5 n mffJ^l^^u^ 

5. 



I INDUSTRIAL APPUCATiON] 
This inveniion relates to the semiconductor light 
receiving element used for 3 solar battery, a 
■ photodiode, etc. 

Especially, it is related with' the light receiving 
element which consists ot a gaiiiunn nitride 
group compound semiconductor (InaAibGal-a- 
bN, 0=<a=<1. 0=<b=<1. 3+b=<i), and has a 
sensitivity in specific waveiengih of 365 nm - 
635 nm. 
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[PRIOR ART] 

The semiconductor material is generally used 
for light receiving elements, such as a solar 
battery and a photodiode. 

For example, material, such as GaP. 
CdS/Cu2S, Si, and an amorphous silicon, is 
known by the solar battery. 

Each of these, semiconductor materials is 
material which has a sensitivity in wavelength of 
500 nm or more. " ' 1 ' • 

A practical material which has a sensitivity on 
a wavelength shorter, than 500 nm is seldom 
known. 

As the material which has a sensitivity on a 
wavelength shorter than 500 nm. for example, 
SIC is known. 

However, since SiC is an indirect transition 
type, the conversion efficiency is bad and it is 
the present condition that only the photodiode 
for ultraviolet 400 nm or less utilises. 
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[ 0 0 0 3 ] [0003] 

r :nx {:i}!iy^(^.y§:'yt^"i^O')U Thus the material of the conventional light 

fi -)-:^^^^y§^)h^{T) i^cot)^^ receiving' element has many things of an 

'T^nmi^^^^^^ ^^^'^^^^ transition type. It is hard to desire the 

N . ipjT^-i^T^^ . .c...^-->.>yj-^- I improvement in the conversion efficiency 

^ - — '^'--^^ in an indirect transition type. 

ffW^k^^- Moreover since it is easy to deteriorate' to 

L^itL^-ti'fz^eb. heat, atmosphere, etc., the conventional 

;:•:'■]' n^l material has an anxiety as a semiconductor 

•i^^i- 1: LX it'^i^T)'^^ •) . #iSitl material used for a space exploration. 

It is required for the semiconductor material 



i^c< ^^H^^^(4^^y^i■^^*^^)Kn ^^^^^ seldom deteriorates to- -a change of 

external conditions, such as atmosphere. 
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;':tat'5T-- ] J ^ T By ^^V' published the blue light emitting 
•i^-i ^rfr-^^\rr^-^ led iikj-'f) diode with a wavelength of 450 nm which has 
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the luminous intensity of 1 cds or more for the 
first time in the world, late in November of the 
last year. . 
fZc -r^ fffe^S^t-y-^ K(i jhe blue tight emitting diode consists of . a 
^it:^J V -^y i^^ft^^'^^^f* gallium nitride group compound semiconductor 
( 1 HaA 1 bG a i.a,bNs O^a (InaAlt^Gal-a-bN, 0=<a=<1, 0=<b=<1, 
g 1 . 0 gbg 1 . a4-b^ 1 ) a+b=<1). 

j: D 4' ^ 3g7t/^(^ J n G a N uses as the double heterostructure which 
im^tz^y^'^'^-^^^mmt L used InGaN for the luminescent layer. 

[0 0 0 5 ] [0005] 

^{k*" y i^r^ft-o ^¥^^^{^14 Gallium nitride group, compound semiconductor 
6 0 e V (A 1 N) 1 9 been knowm as a naaterial which has a 

rr' X. / T -v-^^r-^-m wide range band. gap energy to. 6.0 eV (AIN) - 

fl^y^y Y^'\ yy ^:^^)\^^ However, since there was no suitable 

^■^^^^^^(h L''^^.^^X> .^7t gubstrate which carries out a lattice matching to 

y -^^{tl-^it^^^-if- a gallium nitride .group , compound 

f^^df^-f^'al'^ii'^^S^S/i^ semiconductor, it was considered that it. was 

flfj^r:>fztz.^\^. ^fflftlctilS hard material for utilisation.. 

Li > %x, ^Qr^Tl' ^Tto L However, since we succeeded in utilisation 

4 1 /^^' ^ ^*i^>,^^ir5!L Ti^^i ' for the first time using the sapphire substrate 

,41.--, ^ -^gtr;^. esknTS ^ ^^^^ ^ ^ matching, a 

y 7 ^ / w ffl T J gallium nitride group compound semiconductor 
¥h\t\z.^l\t>X^'^))\^fz-tz,^ . © has come to be suddenly exposed to attention. 
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[PROBLEM ADDRESSED] 

A gallium nitride group compound 
semiconductor has a melting point very as high 
as 1200 degree C or more. Moreover it is"a 
stable material which has the hardness near a 
diamond. 

Therefore by materializing a light receiving 
element using this material, a reliable light 
receiving element can be provided also to a 
change of an external condition. 

Therefore this invention is made in view of 
such a situation. 

The place made into the objective is to 
provide the light receiving element which has a 
sensitivity to an area wide from a near 
ultraviolet to a red colour area and which was 
excellent in reliability again. 



raifC, ^%mt\.X I nxGa ,. 
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[SOLUTION OF THE INVENTION] 

The light receiving element of this invention is a 
light receiving element which consists of a 
gallium nitride group compound semiconductor. 

It has the double heterostructure by which the 
InXGal-XN layer (0< X<1) was pinched as a 
light-receiving . layer between, n^type gallium 
nitride . group compound semiconductor layer 
and the p-type gallium nitride group compound 
semiconductor layer. 

It is characterized by the above-mentioned. 



. [0 0 0 8] [0008] 

I nxG a i.xNKin§y<b L< Any of a n-type, p-type, or i type of half- 
(i pi!^^fcfi^^^'l4<7) i insulation are sufficient as an InXGal-XN layer. 

In order to make a n-type. the dope of the donor 
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'fHT't)c): < . nS-!(::-t"6/i^^> impurities, such as Si, Ge. Sn, and Sb. can be 

•^(•^Si Ge Sn Sb^ carried out, and it can make a n-type. 

'i\^i--^^hmV\^-7LXn I" °^der to make P-type. after dopeing 

rrii/--^-x - ,-,rH --j- acceptof impurities, such as Zn, Mg, Ca, Sr, 
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and Be, it can set as p-type by carrying out an 

_ annealing above 400 degree C. 

B e %;£DT ^ -Ir -f -A-^^<^i: Moreover, an i type InXGal -XN layer is made 

K-^TLfit^, 4 0 0°C1^1.X' by carrying out the suitable amount dope of 

7' — — <J > ^/- j o 1 1 1 - i. '•') P acceptor impurities and tiie donor impurities. 

i ^ i n v G a 1.x N fi ( S T ^ ± 

ii* K-7*-r 5 1 i J: T' T'# . - " "" 
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[0009J 

The n-lype gallium miride group compound 
semiconductor layer which pinches an InXGal- 
XN layer is Gal-XAIXN (0=<X=<1) which does 
not contain an indium. 

It is preferable that a p-type gallium nitride 
group compound semiconductor layer is also' 
Gal -ZAIZN (0=<Z=<1) similarly. 

Because, a gallium nitride group compound 
semiconductor grows by the vapor growth of 
MOVPE and MBE etc. generally. 

In case a gallium nitride group compound 
semiconductor is currently grown up by the 
vapor growth. InGaN semiconductor is in the 
tendency that the quality film excellent in 
crystaliinity and semiconductor performance 
can grow, by laminating on GaAIN layer of a 
binary mixed crystal or a ternary mixed crystal. 

Therefore in order to obtain InGaN practical" 
as a- light receiving element, a clad layer is 
because it is preferable that they are GaN, 
GaAIN. or AIN. .. : . . 

Moreover, n-type Ga1-YAIYN used as a dad 
layer- and p-type Ga1-ZAIZN cian 'obtain an 
InXGal-XN layer like the method made into a 
n-type or p-type. 
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[EFFECT] 

The model sectional drawing showing the 
structure of the light receiving element based 
on one Example of this application is shown in 
Figure 1. • 

This light receiving element. On the sapphire 
substrate 1 1 he buffer layer 2 which consists of 
GaN, n contact laysr .3 vyhich consists of a n-- 
type GaN, n clad layer 4 which consists of n- 
lype GaO.9AI0,iN. iiie light-receiving layer 5 
v>^hich consists of ln0.1Ga0.9N.;p clad layer 6- 
which consists of p-type Ga0.9AI0.1N. p contact 
layer 7 which consists of p-type GaN It is settino 
as the structure which iaiTiinated above in order. 
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0 1 (D^ytm^CD -y Kl 

■y Kii 6 t X'^±m 5 *r^5^e^/f 
[0 0 12] 

nMG a N^<t,. n§«G aO.9 

A I 0.1 Nm tit's i ^ K-T 

[^xnmt Lxm . pmc a 

0.9A I O.IN/ii: p§JG a Nl 
tjtMg^ K-7°Lfc^, 7 0 

Q°cxT--v':^^ Lx p m t 



[0011] 

Moreover.the model sectional drawing showing 
the structure of the light receiving element 
based on the other Example of this application 
is shown in Figure 2. 

This, light receiving element removes n clad 
layer 4 of the light receiving element of Figure 1 . 
It sets as the structure which pinched the light- 
receiving layer 5 in n contact layer .3 (it is a clad 
layer in this case), and p clad layer 6. 

[0012J 

N-type GaN layer and n-type Ga0.9AI0.1N layer 
carry out the dope , of. the Si, and is being taken " 
as the n-type. 

After p-type Ga0.9AI0.1N layer and a p-type 
GaN layer dope Mg. the annealing of it is 
carried out at 700 degree C, and thev are beinq 
taken as p-type. 
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As is well-known, the sapphire substrate 1 is 
very a stable material to heat first. 

Moreover as a substrate which grows up the 
gallium nitride group compound semiconductor 



01/05/14 



8/16 



(C) DERWENT 



JP7-288334-A derwent 



THOIVISOIM SCIEMTIFIC 



..bo. 5 lr 7t^t i <D 
± ;m3t l^T o u-- 7' /l 2 (i^ 
< :;/ r if 2. i'J.t JCij.Sc:^-^ 5 

U 0 U x::^ l-'c-'S^Sl-C/ < :;' '7 
•;• ^ 2 S: $ 9 0 0 "C J: 
9 iilfil.'? n :::;>- i-jf 3 ^/;jc 

o = M O V p E &(; ct -5 > 
fi bT^iBlt lil lfIn/r n =! > ■i' ^ 

k ii^ \~X G- 3 N 'C^ o ftfi iHj T^ji 



which it has sufficient hardness and is used for 
a light receiving element, it is the most suitable. 

Moreover by making the same composition 
as n contact layer 3 which grows on the buffer 
layer 2, the buffer layer 2 which grows on the 
sapphire substrate 1 can improve crystallinity of 
n contact layer 3. 

• For example, the buffer layer 2 is grown up at 
iov^/ temperature 900 degree .C or less at 
MOVPE method. • 

N contact layer 3 is grown at high 
temperature from 900 degree C. 

According to MOVPE method, n contact layer 
which was excellent the most crystalline tends 
tobeGaN' 

As for a buffer layer, being performed as GaN 
is preferable. 



[001. -4 ] 
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[0014] 

Next it is more preferable to set n clad -layer 4 
and p clad layier 6 which pinch the light- 
receiving layer 5 to GaAIN of a binary mixed 
crystal or a ternary mixed crystal, in order to 
obtain crystalline good ln0.1Ga0.9N layer and 
to use as the light-receiving layer 5. as stated 
also in advance. 



[0 0.1 5] 
^Tt^lT'fe?) I n0.1G a 0.9N 

0 ^Vcm'-- 1 0 'Vcm^^Tj^ 
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[0015] 

ln0.1GaO,9N layer 5 which is -a light-receiving 
layer becomes" a n-type in the state of a non 
dope, and shows 1017/cm3-lQ19/cm3 by .the 
electronic carrier concentration. 

The dope of the donor irhpurities is carried 
out to this as mentioned above, and it is good 
also as a preferable n-type 

It anneals, after dopeing acceptor impurities, 
and it is good also as p-type. 
In order to use as PIN junction type photodiode 
preferably or PIN junction type solar battery, the 
dope of the group 2 elements, such as Zn, Cd, 
Mg. etc. which are acceptor impurities, is 
carried out to ln0.1Ga0.9N layer 5 of a non 
dope, or the dope of the impurities of both 
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donor and acceptor is carried out, and it sets as 
i type of half-insulation. 

By carrying out like this, the area of a 
depletion layer spreads in the bottom of a 
reverse bias, or the state without a reverse bias 
in PIN structure. In several times, a sensitivity 
becomes good compared with a pn junction. 
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[0016] 

Furthermore by setting the composition to GaN 
of a binary mixed crystal, p contact layer 7 
xvhich IS uppermost layer is in the tendency 
which an electrode and an ohmic contact 
become easy to obtain. - •. 

The code is not attached in particular to the 
electrode formed on n contact layer 3 and o 
contact layer 7. 

However, it is the alloy which contains Ti or Ti 
in n contact layer 3. 

Those who preferably used Ti-A! and used 
the alloy which contains Ni and Au in p contact 
layer 7 tend to obtain an ohmic contact. 
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Thus the light receiving . £le/nent of this 
invention uses_a stable gallium ..nitride g'roub 
compound semiconductor, and since it uses as 
the double heterostrUcture ■ which made 
crystalline good InGaN the light-receiving laver 
It is excellent in reliability. • ' 
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[Example 1] 

The buffer layer which consists of GaN at 500 
degree C - about 600 degree C by' MOVPE 
method on a sapphire substrate is grown up by 
the 500A film thickness. 

Next on GaN buffer layer, a Si dope n-type 
GaN clad layer is grown up by the 4-micronnetre 
film thickness at 1000 degree C. 

Next on a n-type GaN clad layer, 0.1- 
micrometre Si dope n-type in0.05Ga0.95N 
layer is grown up at 800 degree C. 

Furthermore 0.4 micrometres of Mg dope i 
type GaN layers are grown up into a n-type 
ln0.05Ga0.95N layer top at 1000 degree C. 
The substrate which laminated" the gallium 
nitride group compound semiconductor is 
transferred to an annealing apparatus after the 
growth. 

By carrying out an annealing at 700 degree 
C, a Mg dope i type GaN layer is made into 
low-resistant p-type, GaN. 
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3yctU^n§y 1 n 

G a Nm^mta 

±ICT i - A 1 



. pMGaNl 
0.05G a0.95N 

$-tt. piyca 

-A u(D^^i. 
n^G a N^<75 



10 0 2 0 1 

fj^h^-\r/ yy yy'i5 o ovv) 



[0019] 

Then, a mask is formed on the surface of a p- 
type GaN layer. 

A part of a p-type GaN layer and n-type 
lnO.05GaO.95N layer is . etched, .and. a n-type 
GaN layer is exposed. 

The positive electrode which consists of the 
alloy of NJ-Au on a p-fype GaN layer, and the 
negative electrode which consists of Ti-AI on a 
n-type GaN layer are formed, and between 
electrodes is. connected to the DC ampere 
meter.. 

[0020] 

It is above, and it makes, and from on the p- 
type GaN layer of the light receiving element of 
ol3tained 1 mm angle, spectrum of white light of 
a xenon lamp (500W) is carried out, and it is 
irradiated. 

The relative . response of a light receiving 
element was measured. . . 
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^ ^- K ^ . ^' y ;i^^v a mm On the other hand, the spectral sensitivity of 

(OG a A 1 Aj J; '9 ^i^D^mW 'he solar battery which makes Si photodiode 

i^«^>7t^iJi- 1.(5] tile L ffO"^ GaAIAs of a double heterostru.cture was 

7-0 !§l 3 ?lf!«#*i^'i: t ffi?Pj-^:)t ^"^''3'"'y measured for the comparison. 
?ilMffymi^^^-t y y y-^^ '^'^ure 3 is a graph which shows the 

''J r> " Q relationship of an irradiation wavelength and a 

■-7 .... V J_ t- f ^®'3''ve spectral sensitivity. 
" ■ . ...3.^,.. I ^ 1^ ^ G a The light receiving element of this invention is 

.\ s ^fe;^,iii'dr c L T?< shown as an a. Si phoiodiode is shown as b. 
- - ' GaAIAs solar batter>' is shown as c. 

[ 0 0 2]] [0021] 

r. <rm. r T t> 5 X 0 l~ .. B has 960 nm of the peaks of the sensitivity in 
b (0^,f^<D f — di9 6 G ^'cinity so that it mayfind, even when it sees 

■ mf\!i5ilfo , c!j;8 4 5 n 'disfigure. • ' 

mi'i&Zh^(DrW&^vMi'M<y) . ^^^^^ '2 845 nm of c in the vicinity, its 

^}.^f^ ]^ M I, , ._ f,- -4- HG ,7^ I'ght-receiving sensitivity of a short wave length 

s- M'^^ ■'" . ' ' area is bad 

'".^ J K_ ^ ? - ^" '^I^^Jf^Sl On the other hand, the light receiving element 

l-^:":.. ^^"^-'^ -/-•^b- of this invention shows a light-receiving peak ' 

t - ^ .^^igigfl ! n G a Strong near 380 nm. 
N COI ntDffi.Bgi'g^fba-lir^ - And by changing the composition of In of 

(tSCj; 3 6 5 nm—e 3 5 '^GaN. the wavelength of this light-receiving 

n mJi;e E&i::'^M^HgT #)5, ^^^^ freely alterable to 365 nm - 635 nm. 
^J:i6Z.(D^^m(D--^^m=^(n-3, addition the actual sensitivity of 380 nm of 

S 0 n mCDn^.(D^mt Is]- ^^^''9^1 receiving element of this this invention 

m%(n S, \ y^ y.Af'yf^- k-^ \ increment or more with a sensitivity of Si 

Ta^ Z-ttV^^^ photodiode of the same area in 380 nm. 
wSOnmT-coMoi oo(s Moreover the characteristics as a solar- 

hXl.X-h'O . t.tz.X^mkt L battery are opening voltage 3V in the open 

X(Dm'k\-i.:i-—zfXD^^^X'm state. 

^S)± 3 V T'*) "9 . •> 3 — S 't was short electric current 1 00 microns A in 

. mx<D ■> 3 - 1 0 0 A ^ 

[0 0 2 2] [0022] : " 

jy^JSi?iJi; (i:3p-t^y ^7 >7° In addition in the Example, the xenon lamp was ■ 

^ P S-lG a-nMMfi^h^MCtz "Tadiated from the p-type GaN layer side. 

-*^y 7 4 T£mi^^. W However, since a sapphire substrate can be ' ' 

fe7t{Cx^LrSejT'7fe?r^< ii transparent and can permeate a light. well to a 

i^-t i-tMvt^(DV 5*5 ultraviolet and a blue glow, it has the advantage 

im^ hVhm^V^i>tl^^^i\ ""^^ '"^"^'^^^ ^'^"^ ^ substrate side. 

(0 0 2 3] [0023] 
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f ife) -i^ m it % ffl I- ^ T I- ^ ^ f- 
-)t 2? -1- ft #it* ff tL T 
, * b i C i n G a N '2r'^-;<t 

r-; ' ' ' v!^" '''My * ' !"■' 

ri i x. 6 i: ^^j 

o 1 i t; Oo 1 ^^^.i^ 5 J- 
T 6 1 i ^ 4: 7t * -7- ^ ^ 75 ^ o 



[EFFECT OF THE INVENTION] 

As explained above, since the stable gallium 
nitride group compound semiconductor is used, 
the light receiving element of this invention is 
excellent in the reliability of a light receiving 
element. 

Furthermore since it is the double 
heterostructure which made InGaN the light- 
receiving layer it is possible to change a 
sensitivity freely over a large v\/avelength range. 

Moreover, a substrate side or a gallium nitride 
group compound semiconductor layer side can 
also be made into a light-receiving side 
depending on a usage by using a sapphire 
substrate. 

Thus there vv^as no suitable light receiving 
element which has a sensitivity to a short wave 
length area conventionally. 

However, implementation becomes possible 
for the first .time by using the light receiving 
element of this invention. 

The use value on the industry is large. 



[BRIEF EXPLANATION OF DRAWINGS] 



[FIGURE 1] 

Model sectional drawing: showing the structure 
of the light receiving eiement-of one Example of 
this invention. 



[1212] 



[FIGURE 2] 

Model sectional drawing showing the structure 
of the light receiving element of the other 
Example of this invention. 



m 'J' ! I m^-t ^^{^^tmM 



[FIGURES] 

The graph showing the relationship of the 
wavelength which irradiates to a light receiving 
element, and a relative spectral sensitivity. 



[EXPLANATION OF DRAWING] 
1**** sapphire substrate 
2**** buffer layer 
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3****n contact layer 
4****n clad layer 
5**** light reception layer 
6'*'*p clad layer 
7''"'p contact layer 



[FIGURE 1] 
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[FIGURE 2] 
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[FIGURE 3] 
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